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Design Criteria for Drain Tile Filters 
Objectives 
To establish the functional requirements and design criteria 
for extremely non-uniform filters around tile drains. 
Introduction (need for study) 
Non-cohesive soil materials frequently flow into wells 
and tile drains causing serious maintenance problems, or in 
+; IEJP, fli( . <P.W ', 'I 
_;. 
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extreme cases, failure of the facility. Filters are needed 
in such instances which will exclude the soil materials yet 
preserve favorable hydraulic · characteristics near the facility. 
Gravel or sand has been used for this purpose with notable 
success in the case of wells but with limited success in the 
,. case of tile drains. 
Design criteria have been developed for uniform filters 
(small range of particle size distribution) especially for wells 
(3) (4) (8) (10) (21) (23). Criteria for filters having a degree 
of non-uniformity are also fairly well established, at least 
by laboratory experiments (3) (4) (8) (10) (21). Unfo.rtunately, 
the filter for a tile line involves a great volume of material 
for which the cost of sizing is prohibitive. No confirmed design 
criteria are available for a filter such as might be obtained 
from pit-run gravels or a slight modification thereof. 
The study undertaken by this contributi ng project seeks 
to determine the limitations on the use of highly non-uniform 
gravel filters used with a uniform fine sand aquifer. 
Design of Experiment 
Factors 
The follwing tabulation shows factors consider~d and the 
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Tile joint opening 
LEVELS 
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The schematic sketch of the model and its accessories is 
shown in Figure 1. The model is a 5/8-inch plywood box 69.25 
inches high, 4 5.25 inc hes wide, a nd 1 foot deep, wi th a removable 
front panel. A semi-cylinder made of galvanized sheet metal 6 
inches in diameter havi ng 1-inch flanges ou each side was used 
to represent a 6-inch tile drain . It was attached as shown in 
Figures 1 and 2. 
Provisions we re made fo~ an a djustable joint opening 
approximately 1 inch from the front face of the model. The 
joint opening was varied with each filter so as to be equal to 
one-half the 85-per cent size of filter. A globe valve outlet 
was provided so that backwat e r i n t he tile could be created if 
necessary. 
Hardware cloth having four opsnings per linear inch was 
used to separate gravel from s a n~ o I t was held in place by a 
frame of one-foot radius as shown in Figur e 2 o The front panel 
was bolted to angle iron flange s p rovided on the front edges of 
the box. 
For the first four tests: half-inch plexiglass was used as 
a front panel on the mode l. Thi s was replaced by a 3/4-inch 
plywood face bec a use t he plex iglass developed cracks at bolt 
holes. 
Twenty-seven piezomete =s we re u s ed to r ecord the pressure 
distribution in the sand , gravel, a nd at the sand-gravel inter-
face. Piezometers consist of 2.5 mi l limete~ I.D. glass tubing 
connected to 1/8-inch I.D. tygon plastic tubing. 
The plastic tubing was connec ted to brass taps, 1 1/2 
inches long, 1/16 inch I . D., thr e a ded over half their length. 
These taps were inserted into the front pane l where desired. 
When plex iglas s was use d as a front panel , holes were threaded 
in it to m~tch the threads of tne brass taps. When plywood was 
used, holes were dr i lled and counters unk on each side of the 
plywood for 3/32 brass nuts. Th ese were glued on the inside of 
the front panel with Arms trong a dhes i ve . Thus the brass taps 
could be easily screwed into the nuts ~ Rubber washers of 1/4 





Piezometers used to determine the piezometric head were 
arranged in a grid pattern with one foot intervals, except over 
the gravel zone where they were arranged on radial lines radiat-
ing from the center of the tile at 45° intervals. This arrange-
ment is shown in Figure 1. 
The taps were projected 1/2 inch into the sand and grave l 
so that they recorded the piezometric head in the plane of the 
tile joint. Glass wool was used in the taps to exclude sand 
from the piezometer tubing. 
Initially the front panel had to be removed each time a new 
gravel was placed for testing. This required much labor and 
time. Therefore, the plexiglass front was replaced by a plywood 
front in which an access panel 30 inches by 15 inches was pro-
vided over the area where the gravel was placed. 
Two small stop cocks were provided at the top of the box as 
air vents to get rid of the air which collected at the top of the 
model during filling from the bottom or during the test. 
Another hole at the top center 
the inlet of water during the test. 
pipe adapter was fixed to this hole 
of the box was provided for 
A half-inch male hose-to-
for the hose connection. 
The water from the water supply was first stored in the 
SO-gallon tank which supplied water to the 22-gallon constant 
head tank, which in turn delivered water to the model at a 
~esired constant head. The arrangement is shown in Figure 1. 
The constant head tank was placed on a wooden tower with sup-
ports at one-foot intervals. 
Materials 
Water supply.--The water used in the model was from the 
city water supplyo It was temporarily stored in the SO-gallon 
tank to bring it to room temperature. 
Aquifer sand.--The sand used as the aquifer was obtained 
from a commercial sou rce and is referred to as silica dust. It 
contained a great amount of dust and was very non-uniform in 
size. Since uniform sand was required as aquifer material, this 
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~and was passed twice through a pneumatic separator. The very 
fine and the very coarse fractions were discarded. The remain-
ing sand was washed to remove clay adhering to the sand particles. 
The grain size distribution of this sand is shown in Figure 7. 
The mean diameter of the sand was 0.205 mm and the standard 
deviation was 0.0702 mm. 
Filter gravel.--The gravels tested as filters in these 
studies are those shown in Figures 19-29. Natural river gravel, 
angular to round in s h ape, was obtained from a local gravel pit. 
This was sieved and sorted to have the various fractions avail-
able for designing any particular filter. 
Plots of the gravels to be used as filters were made first 
as straigh t line s on a logarithmic probability paper as shown in 
Figures 8-18~ The fractions lying between different sizes were 
t2ken f r om the se plots, and were mixed together to give the 
desired grain size distributiono 
Table 1 shows the characteristics of the gravels used in 
these studieso T'ne s t andard d eviation of a sample can also be 
found f r om th8se plots as discussed in the following paragraphs. 
Standard dev iation .--(Dixon and Massey (2) show that in a 
large ; norwally distributed sample, the area enclosed by the 
ordinates through points at a distance of 1. 645 u (where er 
is the s tandard de viation of the sample) on each side of the 
rneaD contains 90 per cent of the total variates in the sample. 
inerefo~e , the standar d deviation(1:r) can be found from an 
C\=·'.:!·.,_nr,: :L .. 1tio.1 grain size distribution plot -on logari thrnic proba-
bility paper, (on which a normal distribution plots as a straight 
line), by dividing the interval between the 95-per cent and the 
5-per cent size by 2 x 1.645 = 3.29. 
Procedure 
The gravel to be t ested was placed in the model in the 
annular space between the tile and the hardware cloth (see 
Figure 2) in layers of 3 inches. Each layer was carefully 
compacte d with a 3 x 3-inch wooden ram until no more consolidation 
- occurred~ The top surf ace of the gravel was then smoothed and 
brought to the level o f the edge of the box. Compacting was nec-














10 2 .• 55 
11 2.55 
Aquifer O. 205 
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Characteristics of gravel f i lters used in 
the experiments. 
n5o<F) D15(F) D15(F) D95(F) n 5 
(F) O-{F) C (F) Re-u 
marks 
n5o<A> rnrn D15(A) rnrn rnrn rnrn 
18.55 3.13 21.65 5.10 2.8 0.67 1.3 
18.05 2.3 15.86 7.6 1.76 1.778 1.99 
19.5 2.0 13.75 12.0 1. 35 3.325 2.825 
32.6 5.5 37.9 9.15 4.8 1.868 1.333 failed 
45.8 6.0 41.4 18.3 4.64 4.18 9.925 failed 
58.6 5.05 34.8 46.0 3.0 13.05 3.56 
58.6 7.6 52.4 26.5 5.8 5.93 1.985 failed 
58.6 5.8 40.0 38.0 3.8 10.4 2.9 
58.6 6.65 45.8 31.5 4.4 7.34 2.415 failed 
12.42 1.8 12.4 4.52 1.45 0.927 1.625 
12.42 1.4 9.66 6.6 1.0 1.705 2.454 
0.145 0.0702 1.658 
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Water was introduced into the box and the aquifer sand was 
carefully placed in water i n the rest of the space in the box. 
The sand was then compacted partly wet and was leveled at the 
top. In subsequent experiments , since the sand was already wet 
and was not replace d, on1y the grave l to be tested was renewed 
and compacted simila r to t he above procedure. 
Each time new grave1 was used the tile joint width was 
changed in order to maintain an opening equal to half the 85-
per cent size of the gravel. After adjusting the opening to 
the desired width, sma ll p ieces of galvanized sheet metal, 1/8 
inch wide, were sold~red a crosz it at three places, to maintain 
a constant width during the exp2riment. 
In all the experimen ts fo l lowing Expe riment No.l, the sand 
near the inte rface was r emove d to break any bridging of the sand 
particles and to be sure that the sand maintained the same dis-
tribution there as at any othe::::: place in the box. 
Since the box was quit2 heavy, weighing about two tons, it 
had to be lifted with t ,;..ro chain hoists . 
After erecting the model on its base, it was filled with 
water through an i n let p rovi ded at the bottom, so that the 
rising water level in the sand pushed the air upwards and ex-
pelled it through the va1 ves provided at the top of the box. 
Later procedures were dev eloped nsing carbon dioxide gas to 
displace air in the box before filling. 
When the model was £ull, the control valve on the tile was 
opened and about 45 minutes were allowed for the flow to equili-
brate. When the system r eached a steady state the piezometer 
readings were taken and t he discharge from the tile was collected 
for a given time and weighed. Two such readings were taken for 
each applied hydrau lic head and three heads were applied for each 
experiment. 
The air-dry weight of the gravel used as filter was record-
ed each time it was renewed. The temperature of the discharged 
water was also recorded, although temperature is assumed to have 
no appreciable effect o n the filtering action of the gravel. 
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Results 
The main experiment concerns the efficiency of filters having 
a wide range of s i ze . d i stribution. Figure 34 is a plot of the 
standard deviation v ersus F-A ratio for all the filters used. 
Filters which failed are shown by (X}. It is observed that there 
is a distrinct relat ionship between F-A ratio and the standard 
deviation of the f ilters. For a given F-A ratio there is evidently 
a lower limit for s t andard deviation for a successful filter. A 
tentative line is s e l e c ted at this lower l i mit based upon data 
available from expe r iment. 
Figure 30 is a section of a successful filter following the 
test. Depth of s and penetration is outlined. 
Summary 
These studies were mainly devoted to the use of the non-
uniform filters. The U.S.B.R. has recommended some criteria for 
the design of grade d filters for tile drains. However, sufficient 
importance was not given to the uniformity or distribution of 
the grain sizes o f the filters. 
In this study it has been found that the uniformity of the 
filter plays a very important role in the stability of the 
filter-aquifer system. Standard deviation ((T} which represents 
the degree of dispersion of the size of all particles about the 
mean size has been chosen to express the non-uniformity of the 
filters. 
It has been f o und that there is a minimum value for the 
standard deviation of the filter at a particular F-A ratio; 
below which the f i1ter will fail. 
It has been a1so concluded that a recommendation for 
standard deviation is more important than a recommendation for 
D15 (F) 
ratio which is unnecessary if the standard deviation of 
DlS(A} 
the filter is used along with the F-A ratio. 
A range of h ydrauli c heads representative of the field 
installations (ponded water case} of tile drains were used in 
these experiments and their effects on the filter aquifer stability 
and the amount of water discharged were studied. 
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Plans For Next Year 
Filter Experiment 
Further experiments are being conducted on gravel filters 
to obtain data at more F/A ratios both within the present range 
and to extend the range. Numerous questions have arisen in the 
course of the present studies which will be investigated; as for 
example, How far does sand penetrate a given filter?, What is 
the effect of this penetration on the hydraulic characteristics 
of the filter system?, What minimum filter thickness is required? 
Gravel-filled Mole Drain 
Experiments will be conducted on the performance of gravel-
filled mole drains. Flow characteristics of such channels will 
be determined. Gravel size and uniformity, channel size, and channel 
shape will be variables. The relations between gravel characteristcs 
and channel stability will also be investigated. 
Publications 
Qazi, A. R., Design Criteria for Tile Drain Filters, Masters 
Thesis, 1961, Colorado State University 100 p. tpw. 
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